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What is Solar Thermal? 

!  Harness and convert solar energy into useful 
thermal energy. 

!  Applications 
! Domestic hot water 
! Space heating 
! Pool heating 
! Process heating 
! Car Washing 
! Cooling 



Why Solar - World Picture 



Why Solar Thermal? 

!  Energy independence 
!  Fluctuating energy prices 
!  Reduce carbon footprint 
!  Increase home/ building value 
!  Low upfront investment/ Fast ROI 
!  3-6 Times More Efficient than Solar Photovoltaic (PV) 

Output/day:    22.7 kWh 
Area:      80 ft2  
Installed Cost:  $9,000 

Output/day:      22.3 kWh (76,100 Btu) 
Area:        456 ft2 (18 panels) 
Installed Cost:    $30,000 



But We Don’t Get Enough Sunlight... 

Boston Insolation~ 500,000 Btu/ft2 annually  



Three Components 

!  Collectors  
!  Flat Plate 

!  Evacuated Tube 

!  Pump Station/HX 
!  External HX 
!  Pump-only 
!  Controller included 

!  Storage Tank 
!  Storage tank 

!  Indirect tank 

!  Dual Coil tank 



Drain Back Systems 

!  Advantages: 
!  Can use Water 

!  No Expansion Tank, Air Vent, 
Check Valve 

!  Safe from power outages/
overheat 

!  Disadvantages 
!  Careful installation- Everything 

must slope 

!  High head pump(s) 

!  Can be noisy 

!  Mechanical/Electrical issue 
could be catastrophic 



Pressurized Systems 

!  Advantages: 
!  Freeze protected 

!  Components do not need 
to be sloped 

!  Low Wattage Pump 

!  Disadvantages: 
!  Check glycol annually 

!  Overheat during power 
outage or low load 
"  Heat dissipation? 



Piping Components 

Air vent with isolation valve 

PRV 

Catchment Tank 

Expansion Tank 

Automatic air vent 

Storage Tank 

Pump, check valves, isolation 
valves, fill valves 

Controller 

All Components must be rated for High Temperature and Pressure! 
              - Think of a solar system as a boiler that you can’t turn off… 
              - High temp components, pipe connections and insulation     
              - Simple differential temperature control, with tank high limit 
              - NO plastic piping (i.e. PEX) 
              - Air must be removed effectively from system! 
              - Solar fluid must be recaptured 

   Pre-engineered stainless steel flexible linesets 
 -Insulation 
 -UV resistant jacket 
 -Sensor wire 



SHW Layout 

Solar Solar 

Solar Solar 

Boiler 

INTERNAL HEAT EXCHANGER EXTERNAL HEAT EXCHANGER 

TEMPERING VALVE! 



SHW Layout- Commercial 

!  External heat exchangers 
!  Forced convection can provide up to 25% more 

heat exchange 

!  Local codes may require Double-Wall HX 

!  Variable speed (ECM) pumps 
!  Lower pump energy consumption 

!  Reduce system short-cycling 

!  Plug and Play Appliances 

To Existing Water Heaters 



Collector Racking 

!  Structural analysis to verify roof 
structure can withstand loads 
(weight, snow, uplift) 

!  Structural steel or ballasting 
may be required 

!  All Roof penetrations water-
tight! 



System Design for SHW 
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!  Energy loads will dictate number of collectors... 

!  Based on daily consumption (gal/day at certain temperature) 

!  Also good to know the load profile (summer usage?) 

!  Match demand/collector array size to storage capacity… 

Storage Capacity =1-1.5 gal/ft2 of absorber area 



Collector Performance 

!  SRCC OG-100 Rating 
!  Collector Rating only 

!  Snapshot view of collector 
performance (Plot Efficiency) 

!  Collectors must have OG-100 to 
receive tax credits 

!  SRCC OG-300 Rating 
!  Residential System Rating 

!  www.solar-rating.org 



Collector Thermal Efficiency 

!  Optical losses 
! Typically 20% loss of 

solar transmission 
through glass 

!  Thermal losses 
! Function of ambient air 

temperature, inlet fluid 
temperature and solar 
radiation 



!  Typically used for pool heating 
!  Advantages 

!  Inexpensive 

!  Disadvantages 
! Low temperature rise 
! No insulation 
! No tax credits/rebates 

Unglazed Plastic Collectors 



Glazed Flat Plate 



Evacuated Tube 

!  Heat Pipe and Direct Flow 
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Vacuum Insulated Panel 

Polyurethane Rigid Panel (CFC/HCFC 
expanded) 

Polyisocyanurate Spray Foam 

Closed Cell Polyurethane Rigid Panel 

High Density Fiberglass Batt 
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Open Cell Polyurethane Foam 

Fiberglass Batt 
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Perlite  

Fiberglass Rigid Panel 

Vermiculite 

Average R-Value per Inch of Various 
Materials 

Minimum Inclination = 20°	
Recommended Minimum = 35° (to shed snow) 



Which is More Efficient? 

Where	do	the	lines	intersect?	

20°F	Ambient,	Reasonably	Bright	Day	(250	Btuh/sq.	C),	with	120°F	fluid	temp	=	Fluid	Parameter	0.4	

*	Efficiency	curves	based	on	gross	surface	area	of	collectors.	Durability,	Service	and	Cost	must	also	be	evaluated.	



Balanced Flow: 
Reverse-Return Piping 



Balanced Flow: 
Balancing Valves 

 Be sure to 
check 
spacing 
between 
arrays! 



Realistic Expectations for Solar 

!  Most people have an unrealistic expectation of 
what solar can actually do… 

!  So we need to educate! 
! 2 collectors on a house will heat domestic hot water for 

a family of 4! 
! Larger arrays can provide space heat but typically 

20-40% of the total space heating load maximum. 



Space Heat/Pool Heat 

!  Space Heating 
!  Based on heating load, heating emitter, design water temperature, 

usage, demand offset? 

!  Matches up well with low water temperature designs (radiant floor heat, 
high surface area convectors, radiators, fan coils)  

!  If you need 180°F water temps, solar is probably not the right fit!  

!  Pool Heating 
!  Based on surface area, depth, indoor/outdoor, usage, design 

temperature, pool environment, pool cover? 

!  Pool covers should be required! 



Space Heating “Combi” Systems 
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Overheating (Stagnation) 

!  Pressurized solar thermal systems will experience 
stagnation at some point. 
!  Causes: 

"  Oversized Collector Array 
"  Tank Temperature Satisfied 

"  Low Energy Consumption  
"  Power Outage 

"  unless PV-DC powered pumps or backup generator 

"  Control/Sensor/Pump Failure 

!  How hot can it get? 
!  Depends on conditions and collector type… 

!  For flat plate: 



Ways to Limit Stagnation 

!  Higher Collector Inclination Angle 

!  Collector Cover 

!  Heat Dissipation (active and passive) 

!  “Vacation Mode” (only with flat plates) 



Solar Glycol 

!  Solar Glycol Characteristics 
!  50% Propylene Glycol 

!  50% De-Ionized H2O (by vol.) 

!  High Temp Corrosion Inhibitors 

!  Wide range of temp (-31- 338 F) 

!  pH of 7.5 – 8.5 (typical) 

!  Annually check glycol with 
refractometer or pH strip. 

!  Always flush system before filling with 
glycol! Recommended to use glycol 
cleaner solution or water with tri-sodium 
phosphate.  



Design/Sales Process 

#  Identify quality applications 

#  Site Visit 
#  Solar access 

#  Roof space/condition 

#  Solar checklist 

#  Design the solar system 
!  For residential - Use tables 

!  For commercial - Solar Simulation Report 

#  Integrate solar with backup systems 

#  Financial Feasibility 

#  Install the system! 



Project Siting 

!  Roof, Wall or Ground Mount 
! Condition and type 
! Structure 

!  Azimuth angle 
! Solar South 
! Shading 

!  Inclination angle 
! Annual ~ Latitude - 5° 
! Winter ~ Latitude + 15°	



Financial Info 

!  Federal Tax Credit 
!  30% of installed cost (no cap) 

!  State Tax Credit (MA) 
!  Residential-15% ($1,000) 

!  State Rebate (MA-CEC) 
!  Residential Rebate- $25*SRCC Category C rating (cap $3,500) 

!  Commercial Rebate- Based on Energy Offset (cap $10,000) 

!  Utility Rebates 
!  Other incentives are available….just go to www.DSIREUSA.org 

                       

    *Pool Heating solar systems do not qualify for tax credits! 



Case Study- Laundromat 

!  Laundromat 
!  2000 gal/day 

!  Existing 3x 400 gallon tanks 

!  Auxiliary Gas-Fired Water Heater 

!  Solar 
!  25 Flat Plate Collectors 

"  800 Square Feet 

!  Solar Indirect Tank 
!  Solar Pump Station 



Laundromat- Solar Simulation  
Flat Plate Collectors 



Laundromat- Financial Feasibility 

Net Present Value (NPV) = $197, 992 
Simple Payback = 5 years 
Annualized ROI = 19.5%  

___________________ 
         $37,762 

2788 therm/yr * 25 yr 
Solar Thermal Rate = = $0.54 per therm 



Case Study- Residential 

Annual Savings with “Standard Equipment” 
Electric: 4250 kWh (@ $0.16/kWh) = $680.00 
Oil: 170 gal (@ $3.90/gal) = $663.00 
Natural Gas: 190 therms (@ $1.80/therm) = $345.00 



Residential System - Feasibility 

!  System Initial Cost = $9,000  
!  Deductions: 

! Federal Tax Credit (30%)= $2,700 
! State Tax Credit (15%)= $1,000 
! State CEC Rebate= $1,300 
! Utility Rebates= $0  

!  System Real Cost= $4000 

!  For electric, oil or propane: ~ 5 year payback 
!  For natural gas (high efficiency): ~ 10 year payback 



Case Study- NH Correctional Facility 

•  Closed Loop Pressurized 
•  Ground mount 
•  DHW Load: 6600 gal/day 

•  Kitchen, Laundry, Showers 
•  64 Collectors (2560 sq. ft) 

•  45 deg inclination 
•  0 deg azimuth 

•  2250 gallons of solar storage  
•  3x 750 gallon tanks 

•  ~50% SF 



Load Profile- Typical Weekday 
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Weekly Use Summary 
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Average = 6,613.2 Gals/Day 



Solar System Conceptual Layout 





Case Study- NH Correctional Facility 

Solar Energy Input 

Auxiliary Energy Input 

Pump Energy Input 

Energy Losses to Outdoors 

Energy Losses to Indoors 

Energy Consumed for HW 



Annual Energy Data 

!  System Commissioned mid August 

!  October was a rainy/snowy month 

!  February was a warmer and sunnier month 
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($2000) 



Any Questions? 

Contact: ross@te2engineering.com 


